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INTRODUCTION
The present study is a part of a Project funded by the European Union (EMERGE, European Mountain lakes Ecosystem: Regionalisation, diaGnostic & socioeconomic Evaluation). The project is designed to support water Framework Directive with reference to lakes and focussed on: 1) assessing the chemical and biological status of remote mountain lakes through Europe; 2) establishing reference conditions for each site using historical source and paleolimnological methods; 3) upscaling the knowledge from single sites or regions; 4) assessing the extent to which climate variability, separately from and in combination with pollutant stresses, influences the status of these lakes. It concerns about 300 lakes in 13 "Lake districts" from 15 Countries, selected to be above (in the mountains) or beyond (in the arctic regions) the local timberline, and catchment undisturbed by human activity.
Indeed, air pollution has changed the recent history of many mountain lakes (Lami et al. 2000) . We report here the results on present-day zooplankton communities as well as on Cladocera sub-fossil remains from 15 lakes in Western-Central (Pennine and Lepontine) Southern Alps only. The aim was that of investigating changes in the community during the past ca 150 years, i.e. pre-and after the 19 th Century industrialisation. These results will be then elsewhere combined with data (e.g. metals, organic pollutants, and biota) to classify sites into ecotypes along the main geographical and environmental gradients within Europe.
SAMPLING SITES
The lakes are located in the western-central part of the Italian Alps, in the so-called Central-Southern district of the EMERGE Project ( 
MATERIALS AND METHODS
Sampling was carried out in September-early October 2000, when the lakes are usually ice-free and Cladocera are well represented; despite this, temperatures were low in some lakes (below 9 °C), and one lake (L. Sfondato) was still almost entirely ice-covered at the sampling date.
pH, taken as the average value along the water column, was almost uniformly distributed between 5.58 (L. Sfondato) and 7.98 (L. Boden Inferiore, Tab. 1). Total alkalinity ranged between 0 µeq l -1 (L. Sfondato and L. Grande) and 756 µeq l -1 (L. Matogno). Total phosphorus concentration was very low, the highest value being around 7 µg P l -1 (L. Muino Inferiore). Two zooplankton samples were collected on each date, a qualitative (40 µm net, vertical as well as horizontal hauls), and a quantitative one (200 µm Apstein type plankton net, vertical hauls along the entire water column), for crustacean zooplankton only. A short core was also collected from each lake with a gravity corer from the deepest area; the recent Cladocera communities (ca last 5 years) were reconstructed from an analysis of the top 0.5-1 cm sediment section, while the 15-17 cm levels referred to the pre-industrial period. Carbonaceous particle fly ash screening was used to ensure the bottom samples were of pre-industrial age (Guilizzoni et al. 1996) (EMERGE Protocol). Chronology was approximately derived by previous studies (cf. e.g. Guilizzoni et al. 1992 ) on some of these lakes. We usually counted the zooplankton samples entirely; only in two cases an analysis of 10% of the total was sufficient to obtain good estimates of species abundance.
Cladocera sub-fossil remains were counted on ca 3 g wet weight of sediment, after treating the sample with the method proposed by Frey (1986) , and following the recommendations of the EMERGE Protocol. At least 200 remains were counted and identified following Frey (1958 and 1960) at magnifications between 100 and 200×. We calculated species richness (taken as the number of taxa found) and Shannon-Weaver diversity index of the past and present Cladocera assemblages. By applying techniques of numerical analysis (PCA and RDA), we tried to classify the recent Cladocera communities of the lakes and the environmental parameters, as well as to describe changes in community structure during 19 th and 20 th Century. We used the program CANOCO in the Windows version (CANOWIN) (Charles et al. 1994; Ter Braak et al. 1987 ).
RESULTS AND DISCUSSION
Lake Paione Medio was excluded from the analysis because the 15-17 layer did not represent the pre-industrial period. This level was in fact rich in carbonaceous particles of anthropogenic origin (N.L. Rose, pers. comm.).
Species mainly represented in the zooplankton samples of the lakes (only crustacea) were, in order of abundance, Cyclops abyssorum (the ecomorph C. tatricus included), Daphnia longispina, and Arctodiaptomus alpinus. In one case (L. Muino Inferiore) also the predator Heterocope saliens was found. In addition to these, other 7 species were counted (11 as total).
Arctodiaptomus alpinus, which is reported as a species sensitive to low pH levels , was not found in lakes with pH levels below 6.21, whereas Daphnia was not found at pH <5.73 and in lakes where fish were regularly introduced.
All cladoceran taxa found in the zooplankton water samples were also recovered from recent sediments; the most represented were, in order of abundance, Alona affinis, Alona quadrangularis, Chydorus sphaericus and Acroperus harpae. While during the pre-1850 period, the two congeneric species A. affinis and A. quadrangularis had similar levels of abundance, in present-day communities the former dominates (Fig. 2) . In the recent communities, Acroperus harpae and Chydorus sphaericus are almost equally important, while in the pre-industrial period, the latter was the third most abundant species.
The community of most acidified lakes (pH ≤6.3) has a lower diversity in the recent period than in the pre-industrial one (Fig. 3) ; such a decline is mainly due to the disappearance of species which also in the past were rare. Two lakes were not taken into account for diversity estimates, namely, L. Muino Inferiore, where a little dike was built close to the outlet (so we might assume an increase in its recent water level compared to the past), and L. Campo, because only Alona affinis was found in recent sediments.
The results of numerical analysis (PCA and RDA) on recent (t) sediments are reported in tables 2-3 and figures 4-5. The horizontal axis representing a species or an environmental variable refers to the highest percentage of total variance explained. Each species/environmental variable is represented by an arrow, which determines a direction or axis in the diagram; the longer the arrows the higher the importance of the species/environmental variable for the distribution of the data. The first two PCA axes explain as a whole 63.7% of the total variance (Fig. 4) Detrended canonical analysis (DCA) revealed short gradient lengths, therefore we applied redundancy analysis to the data (Fig. 5) . The total variance explained by the first two RDA axes is 76.7%. The first axis, explaining 51% of the total cumulative variance species-environment relates to pH, and chemical variables associated to it (Ca, Mg, and SO 4 ), as well as total phosphorus. Alona affinis is the species most related to the horizontal axis. The fact that pH-related parameters and TP refers to the same axis might reflect the socalled "low pH-induced ultra-oligotrophication" of alpine lakes . Almer et al. (1978) suggested that if a lake is acidified to pH 6-5 it loses phosphorus due to the precipitation of phosphate with aluminium. Although not confirmed by others (Schindler 1988) this hypothesis hold on for lakes in the Tatra Mountains, where acidification that shifted pH to values lower than 6.3 brought about a decrease of available phosphorus, and of chlorophyll concentration, to very low or extremely low levels (Vihnálek et al. 1994) . The extreme depletion of zooplankton in these lakes was therefore explained by means of starvation consequent to ultraoligotrophication.
PRE
The second axis, which is related to A. harpae, is correlated with lake area, maximum depth, and potassium concentration; in fact, larger and deeper lakes tend to have higher potassium concentrations (Tab. 1), being this ion a typical bedrock weathering product (Wögrath & Psenner 1995) . On the other hand, Chydorus piger and Alona guttata tend to relate more to silica and nitrogen concentrations. At one extreme of the vertical axis is L. Pojala, the largest, deepest lake, with the highest potassium and the lowest total nitrogen and nitrate concentrations (cfr. Tab.1); on the other extreme is L. Panelatte, a shallow (4 m depth), relatively small (0.56 km 2 ) lake, among the most rich in nitrogen and silica.
A comparison of the recent (t) and pre-ca 1850 (b) Cladocera assemblages of the lakes allowed a reconstruction of three major directions of change, i.e. 1) toward Acroperus harpae (L. Paione Superiore and L. Matogno); 2) toward Alona affinis (Variola and Boden lakes); and 3) toward A. quadrangularis-A. rectangula-C. sphaericus (L. Sfondato, the most acidic lake, and L. Panelatte, the second for nitrogen concentration). Little or no change was observed in the other lakes.
Although not taken into account among the "environmental variables" for numerical analysis, the introduction of fish in mountain lakes is very important for zooplankton abundance and community structure, and particularly for the presence of Daphnia longispina (Cammarano & Manca 1997 ). We did not found Daphnia neither in plankton nor in the recent sediments of those lakes where fish had been regularly introduced. In two cases only (L. Capezzone and L. Paione Inferiore) we found Daphnia despite the fish presence, probably because the introduction had been almost in coincidence with our sampling, so the effects were not yet detectable (Tab. 4). Daphnia was never found in Lake Paione Medio, probably because of the very low retention time of this lake (Cammarano & Manca 1997) . No remains of D. middendorffiana were recovered from the sediments of Lake Campo IV, the lake from which this species was described in the past (Ferrari 1967) . Surprisingly, Daphnia longispina was very abundant in the zooplankton of Lake Paione Inferiore, from which it had disappeared, along with most zooplanktonic taxa, after fish introduction during the 90s (Cammarano & Manca 1997) . The introduction was suspended between 1996 and 1999, mainly because the lake biota was so depleted that fish died of starvation.
A comparison of the present situation with that found by Cammarano & Manca (1997) and with the "original one" reported by Tonolli (1949) (all data referring to a September sampling) clearly shows that Daphnia numbers are at present comparable with those found in the original, "pristine" community of the lake, while the level of abundance of Arctodiaptomus alpinus, is yet lower than in the past (Fig. 6) . A further indication of a general enrichment of the lake biota after 4 years of no fish introduction comes from data on benthic macroinvertebrates. Ephemeroptera, present in low numbers only in the inlet waters in 1994, represents in 2000 the 50% of the total (Ephemeroptera + Plecoptera + Trichoptera); in addition, they appear for the first time in the outlet. Although being not yet present, they might potentially colonize the lake in the near future (Boggero & Denis 2003) . 
CONCLUSIONS
The results of this study suggest the possibility of associating some cladoceran taxa to pH or pH-related environmental parameters as well as to total phosphorus concentrations. The two environmental variables relate to the same RDA axis and this can be interpreted as a further evidence of a pH-driven ultraoligotrophication of these remote environments.
Arctodiaptomus alpinus was not found in the plankton of lakes with water pH <6.21, thus confirming the sensitivity of this species to acidification of atmospheric origin. On the other hand, the distribution of Daphnia seems also influenced by regular fish introduction. As fish were not introduced between 1996 and 1999, Daphnia longispina re-colonised L. Paione Inferiore, where in 1992-1993 only rotifers and a few Cyclops were found (Cammarano & Manca 1997) .
The re-colonisation can be explained by regarding the Paione lakes as a cascade system, where a transport of ephippia from the upper Lake Paione Superiore to the lower L. Paione Inferiore is certainly possible through the outlet. Most probably, L. Paione Superiore represents the Daphnia sink, L. Paione Medio the Arctodiaptomus sink, and L. Paione Inferiore the Cyclops sink (Cammarano & Manca 1997) . However, being Daphnia in these lakes a cyclical parthenogenetic species, able to produce ephippia at the end of the growing season, a recolonisation can be related to the knowledge that the sediments act as an "egg bank" for these taxa from which new populations can start again to develop from the hatching of ephippial eggs (Hairston 1992) . The most acidic lakes (pH between 5.6 and 5.7) are well separated from the others in terms of community composition, being Alona quadrangularis, A. rectangula, and Chydorus sphaericus the most represented species.
Only in lakes with pH <6.3 (Fig. 3 ) diversity is at present lower than that of the pre-industrial period. The loss of diversity is mainly due to the disappearance of rare species.
A clear transition toward acidic species is evident only in two cases, i.e. in L. Sfondato, the most acidic one, and in L. Panelatte, which is at present the second lake with the highest nitrogen concentration.
